The expressions for the mean electromotive force (MEMF) are derived for the case of the stratified magnetohydrodynamical turbulence that is subjected to the influence of rotation, large-scale magnetic field (LSMF) and shear. The derivations were made in the framework of mean-field magnetohydrodynamics. The effect of turbulent flows and fluctuating magnetic fields on the evolution of the large-scale fields is computed within the so-called "minimal tau-approximation" (MTA). The influence of the large-scale fields such as rotation, LSMF and uniform shear (differential rotation) on the different parts of the MEMF (such as α -effect, turbulent diffusion, turbulent transport, etc.) is explicitly defined via factors describing the efficiency of influence of rotation and LSMF on the turbulent flows. Whenever possible we make comparison with results obtained earlier within the second order correlation approximation (SOCA). In computing the MEMF we take into account the influence of the helical magnetic fluctuations which stem from the small-scale dynamo. The influence of these kind of magnetic fluctuations to LSMF evolution is strongly dependent on the amount of magnetic helicity in the turbulence. In the paper, following the approach given in Subramanian and Brandenburg, 2004) , we derive the equation for evolution of the current helicity. It is shown that the joint effect of the differential rotation and magnetic fluctuations in the stratified media can be responsible for the generation, maintenance and redistribution of the current helicity. The implication of the obtained results to the solar and stellar dynamos is considered as well.
Introduction
The mean-field magnetohydrodynamics presents one of the most powerful tools for exploring the nature of the large-scale magnetic activity in cosmic bodies (Moffatt, 1978; Parker, 1979; Krause and Rädler, 1980) . It is widely believed that magnetic field generation there is governed by interplay between turbulent motions of electrically conductive fluids and global rotation. The growth and evolution of the large-scale magnetic fields (LSMF) in cosmic plasma strongly depends on the mean electromotive force, E = u × b , which is given by the correlation between the fluctuating components of the velocity field of plasma, u, and the fluctuating magnetic fields, b.
The global rotation, stratification and the strong LSMF can substantially modify the structure and amplitude of the mean electromotive force (hereafter, MEMF) leading to the rich variety of the turbulence effects driving the evolution of the LSMF in cosmic bodies, e.g., the α-effect (Roberts and Soward, 1975; Moffatt, 1978; Krause and Rädler, 1980; Parker, 1979; Rüdiger and Kichatinov, 1993) , the rotationally-induced anisotropy of turbulent diffusion and effective drift of LSMF (Roberts and Soward, 1975; Krause and Rädler, 1980; Kichatinov et al., 1994) , etc.. Generally speaking, the nonlinear effects of the small-scale Lorentz forces on the MEMF and LSMF evolution stem from two sources. One is driven by perturbations of the LSMF due to turbulent motions and another one is due to magnetic fluctuations, which are maintained by the small-scale dynamo action in a turbulent medium. The role of the small-scale dynamo in the LSMF evolution is still insufficiently understood. Numerous contributions to this subject can be found in the modern literature, e.g., (Moffatt, 1978; Frisch et al., 1975; Pouquet et al., 1975; Brandenburg and Subramanian, 2005) . According to the mentioned studies the most important effect of the growing magnetic fluctuations on the LSMF evolution is caused by the helical part of magnetic fluctuations. The magnetic helicity conservation law, if applied to the mean-field magnetohydrodynamics, requires that the amount of helicity contained in the LSMF (controlled mostly by α-effect) should be roughly the same and opposite in sign to its counterpart in the small scales, see (Kleeorin and Ruzmaikin, 1982) . In this way the helical part of magnetic fluctuations, which is excited both due to shredding the LSMF by turbulent motions and due to small-scale dynamo, effectively saturates the generation of the LSMF by α-effect (Vainshtein and Kitchatinov (1983) ; Brandenburg (2001) ; Field and Blackman (2002) ; Blackman and Brandenburg (2002) ). Further discussions on this subject can be found in above cited papers. Their main lesson is that the construction of the realistic mean-field dynamo theory requires the evolution of the small scale magnetic (or current-) helicity to be taken into account.
Currently, there are two basic schemes for computing the MEMF of turbulent fields. One is the quasi-linear approximation (the same approximation is called the FOSA or SOCA in literature). A comprehensive discussion about its applicability and validity in astrophysics can be found at papers by Moffatt (1978) ; Parker (1979) ; Krause and Rädler (1980) ; Brandenburg and Subramanian (2005) . This scheme remains one of the main tools of the mean-field magnetohydrodynamics. However, one of unfortunate problem of SOCA is that the contribution of the magnetic fluctuations (and the corresponding magnetic helicity) driven by the small-scale dynamo is hardly possible to include in the theory in self-consistent way. The third order closure scheme based on τ -approximation (Orszag (1970) ; Vainshtein and Kitchatinov (1983) ; Rädler et al. (2003) ; Brandenburg and Subramanian (2005) ) gives a chance to consider, roughly, the effects of the small-scale dynamo on the MEMF. Following ) (hereafter BS05), I will call it MTA (minimal tau approximation). Different kinds of this approximation are used in the literature, see (Vainshtein, 1983; Vainshtein and Kitchatinov, 1983; Rädler et al., 2003; Brandenburg and Subramanian, 2005; Rogachevskii and Kleeorin, 2003; Blackman and Field, 2002; Field and Blackman, 2002) . In the paper we follow procedure described in BS05. Furthermore, the variant of tau approximation with a scale-independent relaxation time, τ , is applied. For this reason, some results obtained in the paper can be different of those that are given elsewhere: Kleeorin, 2003, 2004b,a; Rädler et al., 2003) .
The main purpose of this paper is to compute the MEMF via MTA taking into account the influence of the global rotation and LSMF on the turbulence. The stratification of the medium and the large-scale shear are taken into account as well. The influence of rotation, LSMF and uniform shear on the different parts of the MEMF (such as α -effect, turbulent diffusion, turbulent transport and etc.) is explicitly defined via factors describing the efficiency of rotational and LSMF feedback on the turbulent flows. The influence of rotation is measured by the Coriolis number, Ω * = 2Ωτ c , where Ω is the solid body angular velocity and τ c -the typical correlation time of turbulent flows. The influence of LSMF is measured by β =B/ u c √ µρ , whereB is the strength of the LSMF, u c is a typical rms velocity of turbulent flows and µ, ρ are the magnetic permeability and the density of the media, respectively. Following the basic approach developed in above cited papers we derive the equations governing the evolution of the current helicity both in rotating and in magnetized turbulent flows with imposed uniform shear.
The paper is structured as follows. In the next section we shortly outline the basic equations, assumptions and the computational scheme for derivation of the MEMF and the evolutionary equation for current helicity. Section 3 is devoted to the results of calculations of the MEMF for different situations (slow rotation, strong LSMF, vice versa and etc.). In section 4 we derive the evolutionary equation for current helicity. In section 5 we summarize the main results of the paper.
Basic equations
In the spirit of the mean-field magnetohydrodynamics, we split the physical quantities of the turbulent conducting fluid into the mean and randomly fluctuating part with the mean part defined as the ensemble average of the random fields. One assumes the validity of the Reynolds rules. The magnetic field B and velocity of motions V are decomposed as follows: B = B + b, V = V+u. Hereafter, everywhere, we use the small letters for the fluctuating part of the fields and capital letters with a bar above for the mean fields. The angle brackets are used for the ensemble average of products. Following the lines of two-scale approximation (Roberts and Soward, 1975; Krause and Rädler, 1980) we assume that the mean fields vary over the much larger scales (both in time and in space) than the fluctuating fields. The average effect of the MHD-turbulence on the LSMF evolution is described by the MEMF, E = u × b . The governing equations for fluctuating magnetic field and velocity are written in a rotating coordinate system as follows
where G, F stand for the nonlinear contributions of fluctuating fields, m =ρu, G = ∇ logρ is the density stratification scale of the media, p -the fluctuating pressure, Ω -the angular velocity responsible for the Coriolis force, V -mean flow which is a weakly variable in space, f -the random force driving the turbulence. Except for the contributions of density stratification and nonlinear terms G, F, the basic equations, (1,2), correspond to those given in the paper Kichatinov et al. (1994) .
To compute E it is convenient to write equations (1) and (2) in Fourier space:
where the turbulent pressure was excluded from (2) by convolution with tensor π ij (z) = δ ij −ẑ iẑj , δ ij is the Kronecker symbol andẑ is a unit wave vector. The equations for the second-order moments which make contributions to the MEMF can be found from (3,4). As the preliminary step we write the equations for the second-order products of the fluctuating fields, and make the ensemble averaging of them,
+ iz
where, the terms T h (κ,v,h ) ij involve the third-order moments of fluctuating fields and second-order moments of them with the forcing term.
To proceed further, we have to introduce some conventions and notations which are used in the literature. The double Fourier transformation of an ensemble average of two fluctuating quantities, say f and g, taken at equal times and at the different positions x, x ′ , is given by
In the spirit of the general formalism of the two-scale approximation (Roberts and Soward, 1975) we introduce "fast" and "slow" variables. They are defined by the relative r = x − x ′ and the mean R = (x + x ′ ) /2 coordinates, respectively. Then, eq. (8) can be written in the form
where we have introduced two wave vectors: k = (z − z ′ ) /2 and K = z + z ′ . Then, following BS05, we define the correlation function off andĝ obtained from (9) by integration with respect to K,
For further convenience we define the second order correlations of momentum density, magnetic fluctuations and the cross-correlations of momentum and magnetic fluctuations viâ
We now return to equations (5), (6) and (7). As the first step, we approximate the T h (κ,v,h ) ij terms by the corresponding τ relaxation terms of the second-order contributions,
T h
where the superscript (0) denotes the moments of the background turbulence. Here, τ c is independent on k and it is independent on the mean fields as well. Furthermore, for the sake of simplicity, we restrict ourselves to the high Reynolds numbers limit and discard the microscopic diffusion terms. As the next step we make the Taylor expansion with respect to the "slow" variables and take the Fourier transformation, (10), about them. The details of this procedure can be found in BS05. In result, we obtain equations for the second order correlations of momentum density, magnetic fluctuations and the cross-correlations of momentum and magnetic fluctuations,
,k is the unit wave vector, the indexes behind the comma stand for the spatial derivatives. Equations (17, 18, 19) are in agreement with those considered in the paper by Rogachevskii and Kleeorin (2004a) .
We take the quasi-isotropic form of the spectra (Roberts and Soward, 1975; Rüdiger and Kichatinov, 1993) for the background turbulence. Additionally, the background magnetic fluctuations are helical, while there is no prescribed kinetic helicity in the background turbulence:
where, the spectral functions E(k, R), B(k, R), N (k, R) define, respectively, the intensity of the velocity fluctuations, the intensity of the magnetic fluctuations and amount of current helicity in the background turbulence. They are defined via
where
In final results we use the relation between intensities of magnetic and kinetic fluctuations which is defined via B (k, R) = εµρE (k, R). The state with ε = 1 means equipartition between energies of magnetic an kinetic fluctuations in the background turbulence.
The point to note is that inconsistency between (20) and (21) does not influence the final results. One can give the simple arguments for this. Firstly, it will be recalled that within our framework the background magnetic and velocity fluctuations are considered uncorrelated. Secondly, in the paper all derivations are confined to linear terms in stratification scales parameters, like G. Within the given conditions the contributions of kinetic helicity and G to the MEMF are of the same order. Generally speaking, we can choose either to prescribe the kinetic helicity in the background turbulence or to describe the effect of kinetic helicity on the LSMF as a combined action of the global rotation and stratification on the turbulent flows. The theory, which is constructed on the base of the first possibility (prescription of the kinetic helicity), is more general in nature because it does not depend on the concrete assumptions about the origin of the kinetic helicity in the turbulence. However, bearing in mind the application of the developed theory to the stellar dynamo, we have chosen the second way. The general structure of the mean electromotive force vector obtained within the given framework are in agreement with the known results from the literature (Rädler et al., 2003; Rogachevskii and Kleeorin, 2003) . We keep the current helicity contribution in the background turbulence to investigate the nonlinear saturation phase of the helical large-scale dynamo.
To solve (17, 18, 19) we neglect the time derivatives at the left hand side of equations and apply the perturbation method. The mean field inhomogeneities and stratification scales of turbulence are considered as small. We shall not reproduce explicitly the rather bulky derivations which are explained elsewhere: 2004b) . The solution of (17,18,19) will be given for two specific cases. In the first case we apply no restriction to the angular velocity ( the Coriolis number, Ω * = 2Ωτ c , is arbitrary) and LSMF is assumed to be weak. In the second case we keep the linear terms in angular velocity and solve eqs. (17, 18, 19) for the case of arbitrary β =B/ u c √ µρ , whereB is the strength of the LSMF. In all derivations we keep contributions which are the first order in the shear. Furthermore, for the contributions involving the shear we make two additional simplifications. The first one is that we neglect the density stratification, but leave the contributions to the turbulence intensity stratification. Additionally, we discard the joint effect of the Coriolis force and the shear to the MEMF. We admit that the given approach may be not adequate ( or even incorrect) for the case of the very strong LSMF or the rapid rotation case. This question is unclear to the moment and needs the separate study.
One further concern was given in the paper by Rädler and Rheinhardt (2006) who found that MTA may leads to results which disagree with those of SOCA. It is beyond doubt that within the own range of validity the SOCA is a more accurate approximation for description of the mean electromotive force. The MTA is a rather crude approach. In our opinion, before confronting MTA and SOCA, it is of some use to simplify the expressions obtained within SOCA by applying the mixing-length approximation. It is because of relations given at eqs (14,15,16), which are, in our opinion, in spirit of the mixing-length theory (MLT). The transition from SOCA to MLT can be done by replacing the spectrum of turbulent fields by the single-scaled function of the form δ k − ℓ c , here ℓ c is the correlation length of the turbulence (Kichatinov, 1991) . The reader can find more details in the above cited paper. Note that, the results of mixing-length approximation for the mean electromotive force do not always agree with the complete expressions obtained within SOCA. Even the structure of mean electromotive force may be different. Some examples about it can be found in Kichatinov et al. (1994) . In the present paper we compare our results with the mixing-length counterparts obtained within SOCA. We admit that a good agreement in this case does not cancel the problems of MTA which are discussed by Rädler and Rheinhardt (2006) .
Results

Weak LSMF, arbitrary Coriolis number
Spatially uniform LSMF
We divide the electromotive force into different contributions, in particular, E (a) contains the effects of stratification, and E (s) is due to shear. The contributions due to shear are computed only in slow rotation limit. We find the following expression for E (a) :
where functions f
{n} (Ω * , ε) (and all which are used below) are given in Appendix A,
2 is a scale of the turbulence intensity stratification, e = Ω/|Ω| is a unit vector in direction of global rotation. For the slow rotation limit (Ω * → 0) we get :
where only linear terms in Ω are kept. Except contributions due to G equations (24) and (25) are in agreement with results by Rädler et al. (2003) and Brandenburg and Subramanian (2005) . The mean transport of the LSMF due to stratification of turbulence is given by second term in (24). They are in agreement with the mixing-length expressions obtained by Kichatinov (1991) . Note that, additional components of the turbulent transport may be excited due to the antisymmetric part of α-tensor in (25). For the fast rotation limit (Ω * → ∞) of (23) we get
where, we keep the next order contribution in Ω * for the current helicity, as well. The reason for this will be clarified later in section 4. Except the helicity term, eq. (26) is in identical agreement with the mixing-length approximation results obtained by Rüdiger and Kichatinov (1993) within SOCA.
In the case of the spatially uniform LSMF the shear contributions to the mean electromotive force are expressed as follows:
where, we assume that (U · ∇)V = 0 and A 1 = 7 (ε + 3) τ The difference between the given results and those by RK06 and RS06 can be explained by the crudeness of the given version of tau approximation. Here, we assume that τ c is independent of k. This especially influences the accuracy of calculations of the contributions due to shear because they involve the derivatives in k space.
In accordance with (27) the shear can contribute both to transport and generation of LSMF generation. The new interesting component of transport appears due to joint contribution of current helicity and shear. Its hydrodynamical counterpart does not contribute to (27) as we neglect first order terms in Ω * attributed to shear. The interpretation of the effect of the current helicity and mean shear on the MEMF is difficult to illustrate. To show the general idea we invoke an auxiliary illustration of effect for the helical turbulent motions. It is shown on Fig.1. 
Anisotropic diffusion, the Ω × J and shear-current effects
In rotating turbulence the magnetic diffusivity become anisotropic (Kichatinov et al., 1994) . The corresponding part of the MEMF reads,
{n} (Ω * ) are given in Appendix A. If we put the magnetic fluctuations in background turbulence equal to zero in (28) (ε = 0), we return to results obtained by Kichatinov et al. (1994) . The magnetic fluctuation contributions in (28) give rise to the Ω × J effect (see Rädler (1969) ; Krause and Rädler (1980) ; Rädler et al. (2003) ; Kichatinov (2003) ) and to additions in anisotropic diffusion. In the slow-rotation limit eq. (28) can be reduced to
Eq. (29) corresponds to results by Brandenburg and Subramanian (2005) . Note, only magnetic fluctuations contribute to the generation term (e·∇) B. The physical interpretation of this effect is straightforward and it is shown on Fig.2 Lets consider the situation in disk geometry and the rotating media penetrated by the inhomogeneous toroidal LSMF. For simplicity, we assume that LSMF is nonuniform along the axis of rotation. Let the direction of LSMF be opposite to direction of rotating plasma. If the loop of the small-scale fluctuating magnetic field comprises LSMF, it induces fluctuation of velocity in azimuthal direction. The influence of the Coriolis force declines the velocities in radial direction. The effective electromotive force is co-lined with original LSMF and is proportional to b 2 (Ω · ∇) B, see Fig.2 .
The shear-current effect Rogachevskii and Kleeorin (2003) (hereafter RK03) is of similar nature because the large-scale vorticity W = ∇ × V and the Coriolis force act on the turbulent motions in a like manner. The additional contributions due to shear in the diffusion part of the mean electromotive force are expressed as follows,
c /3. Coefficients C 1−4 correspond to those from RK06. After applying the mixing-length approximation to RK06's results we get C 1 = −2τ 2 c /5, C 2 = −4τ 2 c /15,C 3 = 0,C 4 = −τ 2 c /5. In confronting these coefficients to ours, we conclude that their signs are in agreement, and their magnitudes are different though comparable. The difference can be attributable to the deficient accuracy of calculations of the shear contributions because they involve the derivatives in k space. The comparison with RS06 is given in Appendix B.
In the commonly accepted scheme of the solar αΩ dynamo, the poloidal LSMF of the Sun is produced from the large-scale toroidal magnetic field via the alpha effect. Expressions (28, 30) hold contributions which are capable to induce the MEMF along the LSMF and consequently these terms are potentially very important for the solar dynamo because they provides additional sources of the large-scale poloidal magnetic field of the Sun. Below, I consider the efficiency of induction effect along the nonuniform LSMF due to global rotation and shear.
For the sake of simplicity we restrict consideration to the axisymmetric LSMF in the Keplerian disk in the disk geometry. In cylindrical coordinates (r, φ, z) the axisymmetric LSMF can be expressed via B = Be φ + rot (Ae φ ) and the global rotation velocity is V = rΩe φ . We assume that toroidal LSMF exceeds its poloidal counterpart, B ≈ Be φ . In (28,30) we leave only those terms that induce the toroidal MEMF and skip the usual contributions due to turbulent diffusion as well.
In the Keplerian disk we have ∂ log Ω/∂ log r = −1.5. For the given conditions the contribution of shear in 30 is defined by terms at C 3 , C 4 . It is calculated as follows
where covariant derivatives are (
Then, the contribution of shear to the MEMF is defined by r∂ r V φ,r /r τ c = −.75Ω * and −τ c V φ /r = −.5Ω * . Our derivations are valid in the case of the weak shear flow, |V i,j τ c | ≪ 1. For the Keplerian disks this condition is fulfilled if Ω * ≪ 1. In taking the latter into account and using (29), we find the azimuthal component of the MEMF generated from the non-uniform toroidal component of LSMF via effects of the global rotation and shear,
From this formula We can conclude that if the LSMF is concentrated to the plan of disk the induced MEMF is coincided with the direction of the LSMF. The simple dynamo instability due to W × J effect was proposed in RK03 (see RS06 and RK06 as well). Suppose, that the dynamo region is the infinitely extended fluid domain having homogeneous, isotropic and mirror symmetric turbulence with an imposed mean velocity shear. The evolution of the LSMF is governed by
are defined in (29) and (30). Consider a Cartesian coordinate system (x, y, z). Following to the cited papers we define V = (0, Sx, 0) and B = (B x (z), B y (z), 0). Then eq.(33) reads,
where we use η 0 = u (0)2 τ c /3, ℓ 
This relation shows that within given formulation the W × J dynamo cannot work if there is no small-scale dynamo in the turbulence, ε = 0. In this case we confirm findings by RS06 and RK06. If there is the small-scale dynamo and ε = 1 (equipartition between energies of magnetic an kinetic fluctuations) then the dynamo can work. The dynamo instability threshold reads
Despite |K| ℓ c ≪ 1 (scale separation), the condition (37) may be questionable because in all derivations we keep contributions which are the first order in the shear, τ c |S| ≪ 1. The difference between eq.(36) and correspondent result in RK03 should be attributed to the different version of the MTA approximation. In RK03 paper the τ c depends on k.
Slow rotation, arbitrary LSMF
Spatially uniform LSMF
In this part of the paper we consider results obtained for the slow rotation limit. In what follows, no restriction is applied to the strength of the LSMF. The MEMF, that is induced due to influence of rotation and stratification on the turbulence, is described with expression
where ϕ (a) n are functions of β defined in the appendix. This formula generalizes the similar results by Rüdiger and Kichatinov (1993) ; Kichatinov and Rüdiger (1992) taking the density stratification, magnetic fluctuations and current helicity into account. The nonlinear MEMF of helical MHD turbulence was considered by Rogachevskii and Kleeorin (2004a) , as well. For the strong LSMF limit we obtain
The results by Rüdiger and Kichatinov (1993) can be recovered from (39), if we put G = 0 and ε = 0. Following to arguments given in the paper cited above, we conclude that the MEMF like (39) does not produce a dynamo. The first term at the upper line of (38) describes the so-called "turbulent buoyancy" (Kichatinov and Rüdiger (1992) ). The expression (39) shows that the transport of LSMF is downward for the strong magnetic field limit. For the case of the weak field we get ϕ (a) 1 ≈ ε/6 + 6ε − 8β 2 /15. Then, if we neglect contributions due to small-scale magnetic fluctuations, we obtain that for the weak field transport is upward (opposite to direction of G). In this case the effective drift velocity is proportional to the LSMF's pressure (Kichatinov and Rüdiger (1992) ). In this aspect it is similar to the usual buoyancy of magnetic flux tubes (Parker (1979) ). Furthermore, we find that the large-scale inhomogeneity of magnetic fluctuations provide the downward drift of LSMF in the whole range of magnetic field strength.
The quenching functions for the isotropic components of α effect are shown on Fig.3 . There, for comparison, via the dash-dotted line, we show the curve corresponding to quenching of isotropic components of α effect obtained within SOCA in (Rüdiger and Kichatinov (1993) ).
In the strong LSMF limit we found that α effect is quenched as β −2 which is different from results by Rüdiger and Kichatinov (1993) and similar to findings by Rogachevskii and Kleeorin (2004a) . Though, as seen from the figure, the numerical difference between the quenching curves obtained within SOCA (dash-dotted line) and MTA (dashed line) is within a few percents. The non-linear electromotive force induced by shear is expressed as follows,
where contributions with ϕ . Surprisingly, the generation effects, that contributes to MEMF (40), survive even in the limit of the strong magnetic field. In this case we get
At this limit we can find that the current helicity does not contribute to generation of LSMF. Instead, it produces the effective pumping because the last line in eq (41) can be transformed to τ
Diffusion, Ω × J and shear current effect
The results for nonlinear turbulent diffusion are similar to those found within SOCA by Kichatinov et al. (1994) . We have where E (w) stands for the contributions due to rotation. The corresponding quenching functions are given on Fig.4 .
The next formula generalizes the results for the nonlinear diffusion of LSMF to the case of the slowly rotating media,
The last two terms at the third line in (43) have opposite signs everywhere. Note, while the term (Ω · ∇) B i induces MEMF in direction of LSMF's gradients along axis of rotation, the term
induces MEMF in opposite direction. Formally, the latter effect is similar to α-effect. The only difference with the standard α is that instead stratification parameters of turbulence we have a parameter which is related with nonuniform distribution of the LSMF's energy. For the solar magnetic fields the effect is antisymmetric about equator. Below, it is shown that in the strong LSMF this α is quenched by factor β −1 which is lesser than for standard α. 
Figure 5: The quenching functions for "Ω × J" generation effect for different parameters .
For the limit of the strong LSMF we get
From there we find that Ω × J-effect maintain the generation part of the MEMF even for the strong LSMF. The amplitude of effect tends to constant as the strength of LSMF is increased. It hardly possible to make a definite conclusion about the dynamo effect in this case because because the generation part of (44) is contributed by terms with opposite signs. The MEMF's contributions due to shear are defined by,
− 2ϕ
where, for the sake of simplicity, we leave only the largest contributions with nonlinear functions ϕ in Appendix A. Equation (45) is different from results obtained by Rogachevskii and Kleeorin (2004b) . In particular, last two contributions which are given in the forth line are missing in their results. They may be negligible, indeed, when the toroidal component of the LSMF is much greater the poloidal one. Note that, the full expression has a much more complicated tensorial structure than (45). In the case of the strong LSMF we get,
Now, we would like to consider efficiency of induction effect along the nonuniform LSMF due to global rotation and shear in nonlinear regimes for the Keplerian discs. As before, we assume a disc penetrated by the large-scale toroidal magnetic field that is nonuniform along the axis of rotation. From (44,45) we get
where the quenching function is defined as follows ϕ (wV ) = ϕ
2 . Note, eq.(47) transforms to eq.(32) in limit β → 0. The dependence of ϕ (wV ) on the LSMF's strength is shown on the Fig.6 .
Results given on the Fig.6 show that the ϕ (wV ) is positive for β < 1 and negative for β > 1 for all ε. This result supports an idea about the change of dynamo type in passing from linear to non-linear regime of the LSMF's generation by Ω × J and shear-current effects. Previously we found that the induction term due to Ω × J effect tends to constant when β → ∞ (eq.(44)) while the induction term due to shear-current effect is growing under β → ∞ (eq. (46)). Therefore, the primary nonlinear generation effect in the differentially rotating uniform MHD turbulence penetrated by the nonuniform toroidal LSMF may be due to shear-current effect. The same nonlinear dependence of shear-current effect was discovered in the paper by Rogachevskii and Kleeorin (2004a) for the different kind of MTA. In the next section I show that the given sources of the MEMF ultimately result to current helicity generation. Therefore, the effect considered above is saturated dynamically due to magnetic helicity conservation law.
The current helicity evolution
As we have seen, the current helicity contributes to the different kind of MEMF's action, not only to the α effect. The recent papers show that the magnetic helicity conservation law can be described in terms of the current helicity evolution if the assumption of the scale separation is fulfilled. For the time being the redistribution of current helicity over the space scales is not satisfactory understood. One attempt to describe the helicity evolution in turbulent media penetrated by LSMF was given in the papers by Brandenburg and Subramanian (2005) ; Subramanian and Brandenburg (2004) . Here, we will follow their results and obtain the explicit evolutionary equation for the current helicity. The equation in question can be derived from (3,4). After integration over the large-scale variables we can get the general equation for the current helicity in the following form,
The third order moments were replaced by −h C /τ h , τ h -is a relaxation time for the current helicity . This is a rather rough way because the triple correlations may give important contribution for the helicity redistribution over the space scales (Frisch et al., 1975; Kleeorin and Ruzmaikin, 1982; Kleeorin and Rogachevskii, 1999) . Because of the very rough assumptions used in derivation of (48), it should be considered with caution. In spite of the latter, the equation (48) provides a useful tool for investigation the nonlinear saturation in helical mean-field dynamo . Except for contributions due to density stratification and shear, equation (48) can be reproduced from results of BS05 after substitution identity ε ijk ε ipq ε qlm = ε lmk δ jp − ε lmj δ kp in eq. (10.71) there. Inspection of (48) shows that if we replace k 2 → ℓ −2 c and use (12), we can write the evolutionary equation in the following form,
According to (Frisch et al., 1975; Kleeorin and Ruzmaikin, 1982; Vainshtein, 1983; Brandenburg, 2001; Vishniac and Cho, 2001 ) the first term in (49) is responsible for helicity generation in turbulent medium. The rest part of equation can be interpreted as the helicity fluxes (Vishniac and Cho, 2001; Brandenburg, 2004, 2005) . The given expression for helicity fluxes is incomplete because the contribution of the third order moments is dropped in (49). As the first step we consider the case of the weak LSMF. From (49) and (18, 17, 19) we get
where substitution
was used, and e = Ω/|Ω| . Here, we dropped the contributions due to shear because their effect to the mean electromotive force was computed only to the zero order terms about angular velocity. Furthermore, in (50) we kept only those contributions which could be the most interesting from the stellar dynamo applications standpoint. Note, for the equipartition case, ε = 1, helicity evolution satisfies the simple equation:
It is in accordance with equation for the magnetic helicity density obtained by Subramanian and Brandenburg (2005) . As an example of application of (51) to the problem of the nonlinear saturation of alphaeffect, consider the α 2 dynamo in the fast rotation limit. For the sake of simplicity we restrict ourselves only with the isotropic components of α-effect and neglect the helicity loss due to h C /τ h . From (51) and (26) we get
where we keep the contributions of order Ω * −1 for the current helicity, and drop the terms which are due to nonuniform LSMF. If L is the typical spatial scale of the LSMF then the eq. (52) is justified when LGΩ * ≫ 1 and µρ |h C | ≫ B · ∇ × B . The point to note that in (52) we implicitly assume that h
C ≡ h C . It is a shortcoming of the theory. However, this procedure is widely used in the literature (Kleeorin and Ruzmaikin, 1982; Vainshtein and Kitchatinov, 1983; Vishniac and Cho, 2001; Kleeorin et al., 2003; Brandenburg and Subramanian, 2004) . With initial condition, t = 0, h C = 0, we write, similar to Vainshtein (1983) , the solution of eq (52) as follows,
The given solution shows that under t → ∞ we get h C → 2Ω * u (0)2 (e · G) τ c . On this basis, and in taking into account (26), we can conclude that α-effect will saturates exponentially under the increase of the LSMF strength. Furthermore, this conclusion was confirmed with numerical dynamo model which is considered by author in the separate paper (Pipin, 2006) .
Next, we consider the equation for the current helicity evolution for the slow rotation limit. No restriction is applied to the strength of LSMF. The contribution of shear to the transport and generation part of equation is described with a quite bulky tensor expressions and we decide to restrict ourselves with terms which have either a finite limit under β → 0 or the amplitude functions that are greater than 0.1. We write the evolutionary equation for the current helicity as follows: where W = ∇ × V . Quenching functions ψ {n} are given in Appendix A. Symbol {...} denotes those terms which are not important in the case ε = 1. Taking the Taylor expansion of (54) for the case B → 0 (keeping B 2 terms) we get
where we apply the equipartition condition, ε = 1, as well. The direction of the helicity flux due to the first contribution in (56),
bution of the large-scale vorticity solely. The second term depends on details of the dynamo action. To estimate the direction of the helicity transport due to F W on the Sun we compute the vector field of the large-scale vorticity W. In the spherical coordinate system we have W = sin θe r ∂Ω/∂θ − r sin θe θ ∂Ω/∂r, where r, θ are the radial distance and the polar angle, respectively. The distribution of the angular velocity is taken as an analytical fit given by Belvedere et al. (2000) . It is shown at the left side Fig.7 The computed vector field of the large-scale vorticity is shown at the right side Fig.7 .
The given figure shows the possibility of the outward helicity flux from the dynamo region due to shear. Note that one component of the helicity flux F W is due to the small-scale dynamo,
, and another is due to the LSMF, 2B 2 W/ (15µρ). Among two the contribution of the small-scale dynamo is likely to be dominated in the depth of convection zone. While the flux due to the LSMF may be important at near the surface level. The latter effect may produce the significant outward flux of helicity only with the open boundaries Subramanian and Brandenburg, 2005 ). At the near surface level the amplitude of the largescale vorticity, |W| ≈ 4 × 10 −8 s −1 ≈ 1.5 × 10 −5 day −1 . The magnitude of the surface magnetic flux change during the solar cycle is about 10 24 M x (Schrijver and Harvey, 1984) . Then the magnitude of the helicity outflow from 2B 2 W/ (15µρ) is about 10 43 M x 2 day −1 . It is compatible with estimations given by DeVore (2000) . We have estimated only one part of the helicity flux. The numerical dynamo model based on the given results would help to get a more definite conclusions about this subject.
Summary
In the paper the mean electromotive force of turbulent flows and magnetic fields is computed analytically using the framework of mean-field dynamo theory and the MTA. In comparing with the known results obtained with SOCA, the MTA approximation gives roughly the same results in the first order Taylor expansion with respect to the amplitude of the LSMF and rotation. Furthermore, the two approximations give qualitatively the same results about nonlinear dependence of mean electromotive force on the strength of LSMF or on the Coriolis number. The main advantage of MTA is that it offers an approach to take the effects of the small-scale dynamo action into account. The weakness of the MTA (especially for the variant considered in the paper) is that the range of validity of MTA to investigate the nonlinear effects of the LSMF and rotation is poorly understood, currently. Moreover, in comparison with SOCA, the variant of MTA considered in the paper has an additional weakness because the deficient accuracy of calculations of shear contribution. It is due to an assumption about the scale-independent τ . In whole, the accuracy of the theory presented in the paper is comparable with the mixing-length approximation. It has no the firm grounds and should be considered with caution.
Finally, I would like to focus on the new findings of the paper. In this study it is shown that the new interesting component of transport of LSMF appears due to joint contribution of current helicity and shear. The effect does not disappear in the strong LSMF limit, β ≫ 1. It may be important near the base of solar CZ where the influence of rotation and shear on the turbulence is quite strong. Furthermore, the analysis, which we carried out for the current helicity evolution, suggests that the shear and rotation may redistribute the helicity in solar CZ amplifying it (in amplitude) at the near equatorial regions in agreement with observations. Beside, the effect of rotation and stratification on the h C evolution is calculated explicitly. Basically, the equation for current helicity is obtained using the same approach as for the mean electromotive force and on the base of quantities which are explicitly gauge invariants. Therefore, we can expect that the dynamo model based on the above approach could be capable for meeting the requirements of both solar and stellar dynamo simulations. 4 (ε + 1) β 2 + 6ε − 3 − 3 2ε 2β 2 + 1 − 1 arctan (2β) 2β .
The nonlinear turbulent diffusion of the LSMF in (42 ) = − (ε + 1) (ε − 1) ϕ
3 .
The quenching functions of the current helicity effects obtained in the paper are 
